INTRODUCTION {#sec1-1}
============

Discoloration of non-vital teeth arises from hemorrhage caused by trauma, necrotic pulp tissue and endodontic material\'s remnants in the pulp chamber.

There are different peroxide releasing materials in various forms and concentrations used in both walking bleaching and thermocatalytic method for treating these problems.\[[@ref1]\] In the walking bleaching, the most commonly used bleaching agents are hydrogen peroxide and sodium perborate, either alone or in combination. The successful use of carbamide peroxide gel with different concentrations during the walking bleaching technique has also been reported in the literature.\[[@ref2]\] Although these products are highly effective in lightening tooth color, the safety of some of these oxidizing agents is a subject for concern. Pulpal irritation, changes in the tooth structure, microleakage of restorations, reduced bond strength of composite restorations, external root resorption, and other alterations were associated with these agents.\[[@ref3]--[@ref7]\] Some researches have also shown that bleaching agents caused alterations in the chemical structure of human hard tissues. These materials changed the original ratio between the organic and inorganic components of the tissues and increased their solubility.\[[@ref8]\] Haywood *et al*.\[[@ref9]\] evaluated the effects of hydrogen peroxide released from a carbamide peroxide gel on tooth surfaces. They showed no difference in surface texture between treated and control areas using SEM analysis. A number of other SEM studies\[[@ref10]--[@ref15]\] also showed little or no topographic changes to bleached enamel. In contrast, Covington *et al*.\[[@ref16]\] reported changes in surface morphology of bleached enamel. Several other studies\[[@ref17][@ref18]\] have reported varied morphological changes including pitting, "waviness" and increased surface roughness.

While studies on the effects of bleaching on morphological changes to dental hard tissue are contradictory, it is generally agreed that bleaching materials can alter tooth mineral contents. Potocnik and Gaspersic\[[@ref19]\] using electron probe microanalysis demonstrated lowered concentrations of Ca and phosphorous (P) and with mean Ca/P value of all bleached samples decreasing after bleaching with 10% CP. Lee *et al*.\[[@ref20]\] showed mineral loss from bovine enamel by a 30% HP solution. Al-Salehi *et al*.\[[@ref21]\] also showed ion release from both enamel and dentine following bleaching with different concentration of hydrogen peroxide.

Recently, 45% carbamide peroxide has been introduced for in-office and walking bleaching. There is an absence of SEM reports of dental hard tissue alteration as a result of 45% carbamide peroxide application.

The purpose of this study was to compare the commonly used intracoronal bleaching materials with 45% carbamide peroxide regarding their effect on tubular diameter and mineral content of human dentin.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of the specimens {#sec2-1}
----------------------------

Sixty-four human premolar teeth extracted for orthodontic reasons were used in this *in-vitro* study. The teeth were stored in normal saline at room temperature until required.

Occlusal surfaces were cut perpendicular to long axis of the root under water-cooling with a reciprocating diamond wire saw (precision wire diamond saw, Well, Germany)., then dental discs of 1 mm thickness were cut from remaining coronal portion after being mounted in epoxy-resin. Occlusal surfaces of specimens were polished with 800, 1200 and 2400 grits silicon carbide paper (Bisco. Inc). Then they were sectioned mesioditally into 2 halves, a mesial and a distal, with a diamond disk (Edenta AG, AU/SG, Switzerland) in such a manner that control and test fragments were obtained from the same tooth. [Table 1](#T1){ref-type="table"} describes information regarding bleaching agents used in this study.
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Bleaching procedure {#sec2-2}
-------------------

Specimens in the four experimental subgroups were subjected to walking bleaching regimen as follow:

Group 1: 45%Carbamide peroxide gel was applied as a 1 mm thick layer on the polished specimens' surface.

Group 2: A paste of sodium perborate mixed with 30% hydrogen peroxide was applied as a 1 mm thick layer on the polished specimens' surface.

Group 3: A paste of sodium perborate mixed with distilled water was applied as a 1 mm thick layer on the polished specimens' surface.

Group 4: 35%Carbamide peroxide gel was applied as a 1 mm thick layer on the polished specimens' surface.

During the experimental period, old bleaching paste was cleansed by tap water, and each fresh bleaching paste was replaced 5, 10, and 15 days after the first placement. All of the specimens were stored in an environment of 37°C in 100% relative humidity for 20 days after the first placement.

Following the bleaching procedure, the specimens were ultrasonically cleaned in distilled water, air dried, mounted on aluminum stubs, gold sputter coated and then examined in a Vega II scanning electron microscope (TESCAN, Brno, Czech Republic) using the backscattered electron mode to determine the diameter of dentinal tubules and surface histochemical analysis by energy-dispersive spectrometer (EDS) technique. The weight percentage of calcium, phosphorous, sulfur and potassium in the dentin of each specimen were measured.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed using one-way analysis of variance (ANOVA). The Tukey test was done for pair-wise comparison between the means when the ANOVA was found to be significant. The significance level was set at *P*≤0.05. The statistical analysis was performed using SPSS 16.0 (SPSS Inc, Chicago II) for Windows analytical software (Microsoft, Inc. Redmond, WA, USA).

RESULTS {#sec1-3}
=======

According to the SEM evaluations and statistical analyses regarding dentinal tubule diameter, there was significant difference between mean dentinal tubule diameters of all test subgroups and their corresponding control subgroups with the exception of sodium perborate mixed with water \[[Figure 1](#F1){ref-type="fig"}\].

![Electro-micrographs showed increased dentinal tubule diameter after bleaching with: (a) 45%carbamide peroxide (maximum increase), (b) sodium perborate + 30%H~2~O~2~, (c) sodium perborate + water (minimum increase), (d) 35%. H~2~O~2~](JCD-15-174-g002){#F1}

Chemical analysis revealed that there was no significant difference among control subgroups regarding mineral content but there was a significant reduction in weight percent of calcium in 35%hydrogen peroxide and Sodium perborate mixed with 30% hydrogen peroxide test subgroups and a significant reduction in phosphorus wt% in all experimental subgroups and reduction of calcium ions was consistently more than phosphorous ion except for that of sodium perborate mixed with water. A significant increase in potassium wt% has occurred after bleaching in test subgroups of 45%carbamide peroxide and 35%hydrogen peroxide; and there was a significant reduction in sulfur wt% in sodium perborate mixed with water and 45% carbamide peroxide subgroups \[[Table 2](#T2){ref-type="table"}\].
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DISCUSSION {#sec1-4}
==========

The combined scanning electron microscope and energy-dispersive spectrometer enable simultaneous examination of tubule\'s diameters and organic and inorganic analysis of the specimens. The main advantage of this system is its ability to conduct an accurate and nondestructive analysis of the specimens.

According to the SEM results bleaching with all whitening agents caused a significant increase in tubule diameter with the exception of sodium perborate mixed with water. The greatest changes in tubule\'s diameters has been found in 45% Carbamide peroxide group in spite of the fact that its hydrogen peroxide concentration was lower than 35% hydrogen peroxide and also it showed a significant reduction in calcium content. This increase in dentinal tubule diameter might be caused by mineral loss and widening of tubule orifices as a result of oxidation of proteins.\[[@ref22]\]

Findings of our study confirm the results of Heling *et al*. study who reported an increase in dentinal permeability to Streptococcus faecalis. Heling interpreted this increase in permeability as an increase in tubule diameter which has been documented directly in our study.\[[@ref23]\]

According to the EDS, bleaching with each of four bleaching agents imparts changes in weight percent of calcium, phosphorus, potassium and sulfur of dentin. There was a reduction in Ca/P ratio in all experimental subgroups Bleaching agents can promote chemical alterations in the composition of the tooth, reducing the quantity of calcium and phosphate in enamel and dentin.\[[@ref24]\] These elements are present in the hydroxyapatite crystals and reduction in their weight percent could be interpreted as demineralization. There was a reduction in sulfur levels and an increase in potassium in all groups. Rotstein *et al*.\[[@ref3]\] studied the changes of chemical elements of teeth after bleaching with a solution of sodium perborate mixed with water, reported a significant reduction in the sulfur levels of cementum. A reduction in sulfur, a marker of proteoglycans present in the matrix of dental hard tissues, might indicate damage of the organic component of the matrix. However, calcium and phosphorus levels were maintained, indicating that the inorganic component was not affected.\[[@ref3]\] Furthermore, some studies specified that hydrogen peroxide can change the hydroxyapatite structure, reducing the Ca/P ratio of the dental hard tissues.\[[@ref3][@ref25]\] Al-Salehi *et al*. demonstrated that calcium loss from enamel and dentine was more than that of phosphorous at all concentrations which effectively will reduce Ca/P ratio in the bleached samples.\[[@ref21]\] A decrease in Ca/P ratio in bleached samples was also reported by other workers.\[[@ref19][@ref20]\]

Tanaka *et al*. reported that despite hydrogen peroxide penetrates to the mineralized tissues; carbamide peroxide decomposes to its components on the surface of tooth hard tissues and causes more surface demineralization.\[[@ref26]\] Recently Chng *et al* used AFM and showed significant alterations in intertubular dentin, which were not evident in peritubular dentin indicates ultrastructural differences of these two structures.\[[@ref27]\]

Mineral loss and increased tubular diameter can act as predisposing factors of cervical root resorption. Many researchers have reported that external cervical root resorption after intracoronal bleaching of discolored pulpless teeth has been associated with the use of highly concentrated hydrogen peroxide.\[[@ref28][@ref29]\] It was considered that, during bleaching, hydrogen peroxide diffused through the radicular dentin, particularly in the presence of cementum defects, to the surrounding periodontal tissues. External resorption may result either from an initiation of the inflammatory response caused by peroxides or from a secondary bacterial infection originating in patent dentinal tubules.\[[@ref30]\] To avoid such a result, many researchers proposed that the use of hydrogen peroxide for intracoronal bleaching purpose should be avoided and protection of cervical and periodontal tissues must be emphasized in bleaching treatments.\[[@ref31][@ref32]\] Accordingly, 45% Carbamide peroxide is not a harmless material for intracoronal bleaching process.

CONCLUSION {#sec1-5}
==========

Within the limits of this *in vitro* study, it can be concluded that: All intracoronal bleaching agents increased dentinal tubule diameter and promote alterations in organic and inorganic components of dentin with the exception of sodium perborate mixed with water. It is thought that sodium perborate does not need to be combined with 30% hydrogen peroxide solution.
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